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FOREWORD

This report was prepared by Harvard University, Cambridge,
Massachusetts under U.S.A.F. Contract No. AF 33(616)-479. The
contract was initiated under Project 7340, "Rubber, Plastic and
~ Composite Materials," Task 73404, "Synthesis and Evaluation
of New Polymers® (formerly under Research and Development Order
No. 617-11) and was administered under the Direction of the
Materials Laboratory, Directorate of Research, Wright Air De-
velopment Center, with Capt. J. F. O'Brien acting as project en-
gineer,

This réport covers the period of work from January 1955 to
Sertember 1955.
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Abstract

In accerdance with the prepesed ebjectives eof this research a study ef the

y

synthesis ot pelymerigable ergsnesilicen menemers centaining erganeberen grdups was
mgdc. Such menemers are intended te .be uiod in cenjunctien with nitregen-centaining
menemers te increase inter-chain attractien in the pelymer,
A high-vacuup system was buiit and by this means large quantities ef dimethyl-
Soron bremide were prepared.
Side-chain chlerinatien ef methylsilanes were clrricd eut by photpchomical reactiens.
In particular, mothyl(cnloromctﬂyl)dichlorosilane was prepared by this moﬁhod and was
cenverted te methyl(chlersmethyl)bis(e~cresexy)silane, a hitherto unknown compouna;
A methed was feund te cenvert thorosilaﬁcn te silanes, using I%yhiun aluminum
i hydride, witheut reducing chloromethyl groups attached te silicen. Mcthyi(bhloromcthyl)
7\ silane was prepared fer the first time by this precess. ‘ ’

Attempts te p?epare & Grignard reagent frem ntthy1(¢hlor§nethy1)bil(o-c;osoxy)gilano
failed, prebsbly because ef steric hindrance ef the tvq bulky e-cresexy greups. Hovover.
by replacing ﬁhe e-cresexy greups with hydregen atems the propiration of the Grignard
reagent was successful. \ -

The reactien of dimethylberen bremide with the Grignard reagent ef mcthyl(chl?romethyl)
nilano appeared te preceed sufisfactorily. The preduct was nopuratodAal an adduct ef ‘
dimethylamine. Many attempte were made te find a luitnb10>lolvont fer purificatien
of thi§ cempeund. Altheugh the preduct centained beren, silic‘n. hydregen, and
nitregen, the results eof the analyses indicati»prononco of impurities. Thg syathesis
of pelymerizable silsne menemers centalning erganeberen groupl.thus appears feasible

by the netheds develeped under this preject, but further imprevements in separatien are
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necessary in order readily to prepare considerable amounts of polymer for evaluation.
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Scuss

The object of the research covered by the present report was the éyntﬁens of
polymerizable orgmnosilicon monomers containing organaboron gromps ., It was felt
that the greatest chance of success lay i;n the prepar&tion of a syilicon' campound of
the type Rz'mﬁzm-/\- » vhere R is an alkyl group, because such a compound‘ would not
be likely to lose its ba"onv content during the hyd;'olytic polymerization of the silané.
Boroh-ca':bon linkages are themselves fairly stable to hydrolytic attack prov_ided R ia
small, i.eep & methyl or ethyl group. |

In view of pfevious results (5), it was decided that the best i‘(;ute for the -
synthesis of a B<LCHy=Si bond system lay in the reaction of a diallgylbbron ,hé.lide
with the Grignard derivative of a c_hloromethylsiiane. However, the breparation
of dialkylboron halides, with R = methyl or ethyl, presents certain difﬁcultiai
in that they are obtained from the verjr inflam;mble trialkylborona and had xtefiou;ly .
been made only in very small'amounts:.

Despite its haiafdous nature, large quantities of trimethylboron were prexilred
by the usuel Grignard reaction (1) | | B

CHigB + Mg ety CEgMgET
CHMgBr + BFy g (CH3)3B + 3 MgBr?
The conversion of trimethylboron to dimethylboron bromide was achievéd in large
quantities for the first time., The procedure employéd was that used by McKennom (2), '_
with certain modifications, The following vequati.ona represent Vthe process: |
2AL *+ 3Br2 ey 241Br3
"AlBr3 + BFy ey BEF3 + AIF3.
2B(CHy )3 + BBry -;Bz—aﬁ—-—r 3(CH3 )oBBr
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Aluminum bremide ani heren tribremide wers prepared by metheds given in Inerganic
Synthesis (3). The latter compeund was feund te attack stepceck grease rapidly, and
censequently it had te be prcpirod aud used immediately.
The dimethylberen bremide was handled by means of a simple vacuum system and
stered ia a steel bemd.
Fer the chlerinatien ef dimethyldichleresilsne the methed suggzested by McBride
and Beachell (4), using sulfuryl chleride and benzeyl perexide was first used. The
yield of this reactien was very lew because ef di« and trichlerinatien ef the methyl greups.
Censequently this methed was replaced by a new direct chlerinatien technique im which
enly unchlerirated material was permitted te remain in centact with chlerine resulting
in much higher yields (ever 80%) of the desired materiml. The methyl(chleremethyl)dichlere-
silane ebtained by this methed was cenverted te methyl(chleremethyl)bis(e-cresexy)silane
by means ef the reactien: (CHB)BN
. 0H3(CKZCI)81012 + 0-HO-C/H, ~CH, _— cnj(onzcl)51(o-c6nu-ca3)2
This hitherte unprepared cempeund is a visceus liquid beiling at 149-151°C/0.1 mm Hg.
By replacing the chlerfme atems attached te silicen by e-cresexy greups it was
heped te be sble te prepare a Grignard resgent using the chlofino atem im the chlere-
methyl greup. This reactien failed, hewever, prebadly because ef the steric hindrance
caused by twe large e-cresexy greups. This difficulty was everceme by replacing the
chiorino atems attached te silicem with hydregen. This selective reductien was effected

by means ef lithium alumiaum hydride

2 033(03201)81012 + LiAle ——9'2033(03201)8132 + LiCl + AlCl3
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This reactien is exeihermic and care sheuld be taken te keep the reactien temperature
bolov>25°c, stherwise complete reductien, i.e., replacement of all the halegen atems
in the melecule will take place.

Methyl(chleremethyl)silane is a new cempeund with a beiling peint ef 60-61°C/760 mm Hg.
As weuld be expected, it is extremely hygrescepic. The preparatien ef a Grignard reagsant
frem methyl(chleremethyl)silane precesded fairly easily. Additiem ef dimethylberen bremide
te this Grigunard reageat alse preceeded with ease. The fermatien of magnesium chleride
 and bremide readily was ebserved. v

033(03201)3132 + Mg —> cn3(32)51cnzng01
OE,(H, )S1iCH,MgC1 + (CH;),BBr — 0113(1:12)smHzJa(caj)2 + MgBrCl

The preduct was a liquid which ceuld net be separated frem ether by distillatien. Therefers
the dimethylamine adduct was prepared. This cemplex is a white exiremely hjgrosc.pic selid.

Hﬁny attempts te resslve this adduct by crystallizatien using selvents such as
acetene, ether, tetrahydrefuran, and benzene failed. The tenacity with which the berenated
silicen cempeund helds en te nitregem indicates that the prepesed inter-chain attractien
in silicenes centalning beren and nitregen weuld be quite streng.

It 1s suggested that synthesis ef the pure cempeurd be tried by replacing the
sther with benzene after the preparatien ef the Grignard reageat, and then adding
dimethylberen bremide. The halides of magnesium fermed in this roa;tion, being imseluble
in benzene, ceuld be easily separated by filtratien, and gho final separatien may then
preve much easier than threugh the reute eutlined abeve. Xxpiratien eof centract time

and funds khas prevented further trisls ef this sert.
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Preparatien ef Trimethylberea.

A 2-1. three-necked reurd-bettemed flask, equipped with a mechamnical stirrer,
a drepping funnel, and & dry ice-aceteme cendenser, was cennected te a series ef traps.
A 72 g. (3.0 g. atem) sample of magnesium turaings was placed in the flask smd 250 =ml.
ef dry m-butyl ether were added threugh the drepping fumnel. The entire apparatus
was flushed with prepurified mitregen feor abeut half an heur. Then a selutien ef 285 g.
(3 meles) of methyl bremide in 500 ml. ef n-butyl ether was intreduced inte the reactien
flask, the methyl bremide-n-butyl ether selutien being prepared by budbbling metbyl bremide
inte the ether very slewly at 0°C. The reactien was triggered by the additien ef
twe small iedine crystals. The additien of methyl bremide te the magnesium turmings
teek abeut three heurs. The reactien flidsk was immersed in an ice bath te preveat
the temperature ef the flask rising abeve 10°C. Stirring was centimued everaight.

A selutien of 61 g. (0.9 meles) of BFB in 400 ml. ef n-butyl ether, prepared by
bubbling BF3 inte a flask centaining the ether at 0°C, was added very slewly te the
Grignard selutien with very vigereus stirring. The reactiemn flask was immersed im an
ice bath, and the cendenser was filled with a dry ice-acetene mixture. The traps
cennected te the cendenser were immersed in dry ice-acetene baths. The additien ef
BF3 te the Grignard selutien was carried eut ever a peried ef three amnd ene-half heurs.
At the end ef this time, the ice bath was remeved and the flask was heated te 60°C by
means of an eil bath. The trimethyl beren cendensed mainly in the first trap.
Occasienally the evelutien ef (033)33 was greater than the rate ef its cemdensatien
in the traps and consequently a little preduct escaped and was ebserved te buram with

green flame. The heating was centinued fer twe heurs, then the stepcecks en the celd
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traps centalning the nroduct were turnod‘off and the traps were remeved sand cennected
te the vacuum system where the preduct was tr;nsfcrrod inte a stainless steel cylinder.

The transfer ef trimethyl beren frem the glass centainer inte the metal cylinder
was carried eut in the usual manner, that is, by immersing the evacuated (ca. lO-Ll am Hg)
cylinder im liquid nitrogen and slewly bringing the cennected celd glass trap te
reom temperature. This precess requir;d abeut twe h;urs te transfer 27.2 €. of trimethyl
beren. The yield was 45%. The melting peint ef this cempeund is -161°C and it beils
at -21°C.

Te aveid fire er explesien, the reactien flask was flushed with nitregen befere
dilmﬁntling. Seme gaseocus trimethylberen was ebserved te burn en leaving the apparatus.
It was apparent that seme trimethyl beren had net been recevered frem the selutien
in the reactien flask. Higher yields prebably ceuld be ebtained by prelenging the
time of refluxing, but en the ether hand, due te the extreme inflammability ef the
preduct it seems wise te De coﬁtont with semewhat lewer yields.

Preparatien ef Aluminum Bremide.

Aluminum bremide was prepared in a specially designed apparatus (3). The reactien
flask was filled with grasular aluminum (30 ﬁ;sh). It was heated te mbeut 100°C with
Bunsen burners, and 60 ml. (1.08 meles) ef Br2 were added very slewly. The additien
of bremine teek abeut three and ene-half heurs. The flask was then heated gently fer
abeut half an heur te insure cemplete resctien ef bremine with aluminum. AlBr3 ;aa then
distilled from the reactien flask using twe Bunlourburners, The distillatien teek

abeut twe heurs, 63 g. (82% yield) ef AlBr3 were ebtained.
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Preparation ¢1 Baren Tribremide

A eme-liter reund-bettemed flask was sealed te the bettem ef a 500 ml. distilling
flask by means of a 25 cm. length of 30 mm. glass tubing. The smaller flask served as
a cendenser te prevent sublimatien ef large quantities ef AlBr3 with beren tribremide.
A side-arm was sealed te the smaller flask and this was cennected via a U-tube, ceeled
with dry ice, te a drying tube. A 3 mm. glass tube extended imte the large flask, the
ether end being cennected te a sulfuric acid trap, threugh which BF3 ceuld be bubbled inte
the mair reactien flask.

The apparatus was flushed with prepurified nitregen, and 72 g. (0.28 meles) ef
aluminum brexmide were placed in the reactiem flask. The flask was heated with twe
Mecker burners until the AlBr3 started te beill. A fast current ef BF3 was then passed
threugh the flask. The heating was centinued until all the AlBr3 reacted with BF3'
This reactien teek appreximately three heurs. At the end ef this perled the reactiem
flask was strengly heated and BBr3 was distilled inte the U-tudbe. The heating was
centinued until a white granular residue (Ale) remained in the flask. The side arm
cennecting the reactien flask te the U-tube was then sealed off with an exygem terch
and by this means 47.7 g. BBr3 were ebtained. This preduct was centaminated with
bremine and was redistilled threugh a small celumn filled with nmichreme helices. 29.2 g.
(17.3% yield) of BBr3 was ebtained as a celerless liguid beiling at 90-91°C.

Preparatien of Dimethyl beren Bremide.

A high vacuum system was used fer the preparatien ef dimethylberen bremide.
The metal cylinder centaining B(CH3)3 vwas cennected te the vacuum system and 10 g. ef
this material was transferred inte anether metal cylinder which acted as the reactien
vessel. A 22 g. (0.09 meles) sample of BBr3 vas then distilled inte the reactiem vessel

tegether with sbeut 1 cc. (STP) of diberane te act as a catalyst (2). The reactien cylinder
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was remeved frem the vacuum system and heated ever a steam bath fer 24 heurs. It
was then recennected te the vacuum system and epened te the pumps threugh a series
of vacuum traps ceoled te -118° and -196°C. The fractien which cendeased at -118°C was
itorod in a mofal cylinder. 1t weighed 30 g. (92.5% yield) and was identified as
dimethylberen bremide.
Analysis: calculated fer Br 66.15%
feund fer Br 66.15%

Preparatien ef Methyl(chleremethyl)dichleresilane

The apparatus used in this preparatien censisted ef a eme-liter three-necked
reund-bettemed flask, equipped with a 100 ml. Sexhlet extracter, & aitregen inlet,
and & thermemeter. The Sexhlet extracter was cennected te an Allihm dry ice-acetene
cendenser by‘moans_of a Claisen head, ene arm eof which was cennected to a2 safety
trap ard a twe-liter flask centainimng sedium hyaroxidc selutien. The othor‘arm of
the Claisen head was cennected te a sulfuric acid bubbler, which in tura was Jjeined
te a chlerine cylinder. Chlerine was admittod inte the Sexhlet extracter by means
of 5 tube reaching te the bettem ef the Sexhlet and fitted with a sintered-glass
disc ef medium peresity. The spparatus was flushed with ritregen and 314g. (2.43 meles)
of dimethyldichleresilane was placed in the reactien flask and heated by means ef
s heating mantle. Chlerine was bubbled inte the Sexhlet extracter whem the level
of the dimethyldichleresilsme im the Sexhlet extracter reached the sintered-glass
disc. During the passage ef chlerine the Sexhlet extracter was irradiated with

a Ceeper Hewitt 3660°A lamp. Care was taken te prevent the ultra-vielet light resching

the reactien flask.
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The hydregen chleride gae generated in this reactien was pal;od inte the sedium
bydrexide selutien. This selutien was prepared by disselving 116 &. of NaCH pellets
iz twe liters ef water te which was added a few dreps ef bremthymel blue indicater.

The passage of chlerine was disceatinued as seon as the selutien ia the Sexhlet extracter
siphened eut. It was resumed when the level of the liquid reached the sintered-glass
disc. This opirationfvaé coentiaued feor 10 heurs and vas stepped when the tempsrature

of the selutien inm the reactien vessel reached 122°C (the beiling peint ef the desired
preduct ).

The sedium hydrexide selutien was titrated with standard acid and by this means
the weight eof chlerine used in the reactien was calculated em the basis ef the hydregen
chleride generated. It wasAfound that 2.43 moles of chlorine had reacted.

Methl(chleremethyl)dichleresilane was distilled frem the reactiem mixture threugh
a 12-inch Vigreaux celumn, 203.4 g. ef preduct was ebtained. The yleld based en
unreacted starting materiszl, (083)281012. vas 815 and based en the weight ef chlerine
used was 83%. The preduct beils at 120-121°C.
Analysis: ca3(011201)s1c12

calculated fer hydrelyzable chlerine 43.37%
feund fer hydrelyzable chleriae 43.37%

Preparatien of Methyl(chleremethyl)bis(e-cresexy)silane.

A 300-ml. three-mecked reund-bettemed flask was fitted with a cemdenser, a stirrer,
and a drepping funnel. A 50 g. (0.306molea) sample ef methyl(chleremethyl)dichleresilane
was placed in the reactien flask amd 18.1 g. (0.306 meles) of trimethylamine was
added te it. Te this mixture was added 200 ml. ef dry ether. The stirrer was started
and a selutien ef 66.3 g. (0.612 meles) of o-cresel, 18.1 g. (0.306 meles) ef trimethyl-

anine and 100 ml. ef dry ether was added very slewly. The stirring was centinued fer
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3 heurs. The cepieus trimethylamine hydrechleride precipitate was filtered eut amnd
washed with 100 ml. ef dry ether. The ether was remeved by distillatien and the
preduct, methyl(chleremethyl)bis(e-cresexy)silane, was ebtained by vacuum distillatiem.
The preduct distilled at 149-151°C/0.1 mm Hg., amd 3.53 g. (11.5% yield) wers ebtained.
Auslysis:  C o S10,C1 |
calculated: Cl; 11.55%, H; 6.24%, C; 62.63%
found: C1; 11.75%, H; 6.07%, C; 62,51%

Preparatien ef Methyl(chleremethyl)silane

A ene-liter thres-necked flask was equipped with a cendenser, stirrer, and a
drepping fummel. A stremg current ef prepurified mnitregea was passed threugh the
apparatus during the emtire peried ef the reactien. A sample of 7.1 g. (0.187 meles)
of lithium alumimum hydride was placed invtho reactien flask ard 150 ml. ef dry m-butyl
ether was added. The mixture was stirred fer 30 minutes and a selutien ef 42 £
(0.256 meles) of methyl(chleremethyl)dichleresilane iz 100 ml. ef dry m-butyl ether
was intreduced inte the reactien flask threugh the dreppimg fumnel ever a peried |
of twe heurs. The flask was immersed in an ice bath and care was taken te preveat
the temperature ef the flask rising abeve 25°C. The stirring was centinued fer three
heurs. The flask was then heated very slewly mnd the preduct was distilled imte am
atmesphere of nitregen. The fractien distilling up te 80°C was cellected and
redistilled in a 30 plate celumn im a nitregen atmesphere. Nime grams (15.3 % yield)
of methyl(chleremethyl)silane, beiling at 60-61°/76° mm Hg were ebtained.

Analysis 053(03201)3132

calculated: C; 25.39%, H; 7.46%
found: C; 25.81%, H; 7.18%
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Attempted Preparatien ef Methyl(dimethylborgmethyl)zilane

Magnesium turnings, 2.0 g. (0.083 g. atems), were placed in a 300 ml. three-necked

reund-bettemed flask, which was equipped with a mitregen inlet tube, a thermemeter,

a dry ice-gcetene cendenser, a drepping funnel, amd a mitregen eutlet tube. A

magnetic stirrer was alse placed in this flask. 15 ml, dry ether was added te the

Mg turnings. Te this mixture was added, very slewly, a selutien ef methyl(chleremethyl)
silane, 6.4 g. (0.068 meles), in 10 cc. dry ether. The Grignard reactien was triggered

with a small iedine crystal. The stirring was centinued fer three heurs. A sample

of 8 g. (0.068 meles) of dimethylberen bremide was cendensed in a glass buld smd
sealed off by means of an exygen terch. The capillary extensien ef the bulb was
inserted inte vacuum rubber tubimg, which was cemnected te an inlet tube and stepceck
lesding inte the flask. The capillary tube ef the bulb was crushed and its centents
were transferred inte the reactien flask by simply warming the bulb with the palm

of the hand. Immediately a cepieus precipitate ef magnesium chleride bremide was
obtained. The stirring was continued and a streng current ef nritregen was passed
threugh the flask te remeve the unreacted dimethylberea bremide. The liquid in the
reactien flask was then transferred inte anether three-mecked flask of the same size
under nitregen. Then 25 ml. eof dry ether was added te the selid material im the
reactien flask and the precipitate was washed and filtered, nnder nitregen, sdding
the washings te the secend flask. 2.88 g. (0.064 meles) ef dimethylamine was added
te the ether selutiem threugh a dreppimg furnel. A white precipitate was ebtained.

This was washed several times with dry ether amnd dried im a current ef dry nitregen.
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The product, dimethylamine adduct of methyl(dimethylboromethyl )silane, is an
extremely hygroscopic white solid which burns with a greenish flame upon ignition
and leaves a whife residue.

By the above process 0.9 g. (0.006 moles) of this material were obtained. This
compaund does not have a well defined melting point, but it decomposes between 58-68° .

A=ries of analyses were conducted on this material, The initial analysis
indicated the presence of silicon, boron, carbon, hydrogen, and nitrogen, but the
percentages of all these elements were low, indiceting contamination by incrganie
material (probably MgBro from the ether). |

Many solvents were tried for purification of this compound without any
appreciable success; Acctone, benzene, ether, and tetrahydrofuran were uvsed. The
ma jor impurity is believed to be magnesium bromide which is soluble in ether, and
which could not be separated from the product. A sample of this compound was
dissolved in water and a few drops of silver n trate solution were added to it.

There was definite formation of ailver halides,
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